Isaria takamizusanensis (anamorph in Hypocreales; Ascomycota) is found on cadavers of cicada adults and produces hundreds of marking-pin-like synnemata with lilac-coloured conidia. This fungus was once grouped together with Paecilomyces farinosus, belonging to the section Isarioidea, by Samson (1974) . Luangsa-Ard et al. (2005) reclassified ten species of Paecilomyces section Isarioidea to the genus Isaria (Cordycipitaceae; Hypocreales) based on phylogenetic analyses using the b-tubulin gene, intergenic transcribed spacer (ITS region) and 5.8S rRNA gene of the rDNA. In their study, I. takamizusanensis was recognized as being distinct from I. farinosa but closely related to Paecilomyces lilacinus, a common soil-borne fungus that is well studied as a biological control agent and an opportunistic infectious fungus in immunocompromised patients. Subsequently, Paecilomyces lilacinus was transferred to the new genus Purpureocillium in the family Ophiocordycipitaceae (Luangsa-Ard et al., 2011) . However, the classification of I. takamizusanensis was left unresolved. Recently, a novel species, Purpureocillium lavendulum, was described as being distinct from Purpureocillium lilacinum, based on sequencing of rDNA ITS, LSU D1-D2 region, EF-1a, and the largest subunit of RNA polymerase II, and morphological and phenotypic characteristics (Perdomo et al., 2013) . Luangsa-Ard et al. (2011) also demonstrated that Nomuraea atypicola, an anamorphic parasite of spiders, was nested at the fourth nearest position in the phylogeny. While the four anamorphic species described produce purple-coloured conidia, no sexual stage has been reported for any of these species except N. atypicola, whose teleomorph has been identified as Cordyceps sensu lato cylindrica (Kobayasi & Shimizu, 1977; Hywel-Jones & Sivichai, 1995) .
Cordyceps sensu lato species are mostly pathogens of invertebrates; however, they are also very important fungi both industrially and medically. Some closely related species are directly used in herbal medicine, especially in eastern Asian countries, and others are used as sources of various secondary metabolites (Paterson, 2008) . Cordyceps sensu lato was divided into five genera among three families (Sung et al., 2007; Kepler et al., 2013) , with about 20 anamorphic genera being recognized as related. The recent drastic changes in nomenclature have eliminated individual names for teleomorph and anamorph states and, according to Article 59 of the Melbourne Code, International Code of Nomenclature for Algae, Fungi, and Plants (ICN), will facilitate the splitting of a genus by genotypical clades, at least temporarily (Hawksworth et al., 2011; Norvell, 2011; Wingfield et al., 2012) . In this situation, investigation to clarify the phenotypic and phylogenetic relatedness of two morphs is helpful for accurate classification.
Ascostroma coexisting with conidiomata of I. takamizusanensis is rarely observed in temperate areas. One report of such coexistence has been published in Japan (Shimizu, 1994 ). In the current study, we succeeded in inducing a teleomorphic stage of I. takamizusanensis by keeping fresh anamorph specimens in a moist chamber at 20-25 8C. The moisture level was maintained by placing wet moss or facial tissues within the chamber. The moss and facial tissues were replaced, and the container was washed every 2-3 weeks. One of the four samples produced stromata, grew for about 1 month, and matured after further incubation for half a month (specimen vouchers in Table 1 and Fig. S1a-d , available in the online Supplementary Material).
To confirm that the stromata are the teleomorph of I. takamizusanensis, culture study and DNA analysis based on ITS rDNA and EF-1a sequences were conducted. Partspores of ascospores from the stroma were isolated using Skerman's micromanipulator. Several conidia on synnemata were picked with a fine needle under a stereomicroscope and transferred to potato sucrose agar or TrePY medium (l 21 : 20 g trehalose, 3 g peptone, 1 g yeast extract and 15 g agar; pH 6.7).
Morphological characteristics of the induced teleomorphs and those of two similar species, Cordyceps (sensu lato) ryogamimontana and Ophiocordyceps cicadicola, are compared in Table 2 . Their anamorph characteristics are also compared, though their anamorphs were not mentioned in the original descriptions (Kobayasi & Shimizu, 1963; Liang, 2007) . The characteristics distinguishing the different species are colour of stromata and size of partspores that are formed by segmentation of filiform ascospores. The stromata of O. cicadicola are purplish to greyish in colour, whereas those of C. ryogamimontana are yellowish. For microscopic examination, slices of perithecia or mycelium from the specimen were mounted in lactic acid. Minimum and maximum size values of the ascospores and partspores were also measured. The size of partspores might be affected by maturity. Subsequently, we found that the morphological characters did not show remarkable differences among the three specimens and the two species, as shown in Table 2 .
For molecular analysis, another fresh specimen of C. ryogamimontana (INM-2-084251), collected from the Ibaraki Prefecture, Japan, and lacking I. takamizusanensis anamorphic structures, was added. Two stromata were crushed with a sterile mortar before DNA extraction. The protocol followed for DNA isolation and sequencing of the rDNA ITS region and EF-1a was published previously by Yamazaki & Kawasaki (2014) .
The consensus sequences were aligned using MUSCLE (Edgar, 2004) in MEGA 6 (Tamura et al., 2013) . Phylogenetic trees were reconstructed with MEGA 6, using neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) , and maximum-parsimony (Fitch, 1971) methods. To determine the branch support for each clade, bootstrap analyses were performed with 1000 replicates. Parameters for maximum-likelihood were estimated in MEGA 6, which proposed the T92+G model as the best fitting for both datasets. Cordyceps gunnii was chosen as an outgroup. Newly generated sequences were deposited in GenBank under the accession numbers listed in Figs. 1 and S2.
The sequence similarities of DNA sequences in ITS and EF-1a loci are shown in Table 3 . The sequences of two strains, one derived from partspores (NBRC 108982) and another from the conidia (NBRC 110232) of the same specimen, were 100 % identical in EF-1a, and had one base pair difference (guanine instead of adenine at 283 bp of NBRC 108982) in the ITS region. This indicated that the induced teleomorph was certainly the sexual stage of I. takamizusanensis.
The ITS phylogenetic tree, based on the variable positions of total 438 bp after discarding gap sites, showed that isolates of I. takamizusanensis and Purpureocillium lilacinum did not form a monophyletic clade (Fig. S2 ), but instead formed well-supported individual clades, as determined by EF-1a analysis (Fig. 1) .
The phylogenetic analysis with EF-1a was based on 882 variable sites and demonstrated clear species-level clades that were highly supported by bootstrap values, except for I. takamizusanensis NHJ 3497 (Fig. 1) . Among the other ten sequences of I. takamizusanensis, two clades were recognized that consisted of NBRC 108982, 110232, and 110231, and of 110233 and INM-2-084251. However, the difference between the two clades was a single amino acid substitution. Thus, the phylogenetic analysis clearly shows that C. ryogamimontana INM-2-084251 is nested in the I. takamizusanensis clade.
The holotype specimen should be tested for conclusive evidence of this new classification. However, the holotype specimen of C. ryogamimontana (TNS-F-230292, stored at the National Museum of Nature and Science, Japan) has been preserved in formalin liquid; hence, its DNA is not available (Sato et al., 2012) . Fortunately, a few phialides remained on the thin layer of the mycelia covering the surface of the host body, even though synnematous structures and conidia were not observed. The phialides were clavate, apiculate, mean value is 10.8662.09 mm in 11 replicates, pale pigmented, and radiating from the conidiophore (Fig. S1j) . This was consistent with the original description of I. takamizusanensis (Kobayasi, 1941) . The surface of the conidiophores and phialides of I. takamizusanensis is usually rough (Fig. S1h) , while it is obscure on the 100/100/100 Fig. 1 . Neighbour-joining tree based on EF-1a sequence data. Neighbour-joining/maximum-likelihood/maximum-parsimony bootstrap probabilities (above 70 %) are shown on each branch in that order; values indicating branches that were not found in the maximum-likelihood or maximum-parsimony tree are shown as '-'. T , ex-type strain; *isolate derived from partspores; 3isolate derived from conidia. Bar, genetic distance.
The following characteristic is added in the description of Purpureocillium takamizusanense. Colonies on potato sucrose agar, TrePY and malt extract agar attain a diameter of 16-17 mm after 7 days of incubation at 25 uC. Some isolates produce dark yellow, diffusible pigments on agar medium (Fig. S1h) , while others do not. This is the same as Purpureocillium lilacinum (uncoloured) but different from Purpureocillium lavendulum (light yellow). No growth at 10 uC or 37 uC. According to Perdomo et al. (2013) , conidia size (2.5-4|1.4-1.8 mm in the original description, based on the specimen occurring on the host; 2.5-3.7|1.6-2.2 mm, the mean value is 3.2|1.9 mm, based on the culture) is slightly larger than in Purpureocillium lilacinum (2.5-3|2-2.2 mm; Samson, 1974) . However, the size of conidiophores on media, 490-880|2.8-4.7 mm, the mean value is 680|3.9 mm, shows no difference among the three species. An Acremoniumlike synanamorph was observed on superficial and submerged mycelium of only NBRC 110234: phialides solitary, lageniform or cylindrical, variable in length, 4-15|2-2.5 mm, sometimes reduced to pegs of intercalary cells. Conidia are in slimy heads, hyaline, one-celled, smooth-walled, subglobose to oblong, (2.6-)3-7(-8.9)|(1.4-)2-3(-3.8) mm, the mean value is 5.0|2.7 mm. This Acremonium-like conidium formation is also observed among the two other species, while the conidia are shorter than those in Purpureocillium lilacinum but longer than those in Purpureocillium lavendulum.
Because the genus Purpureocillium was not included in the latest list of preserved genera published by Kirk et al. (2013) , the teleomorphic genus Ophiocordyceps might be a candidate genus name instead. However, the currently recognized Ophiocordyceps was found to be outside the clade comprising Purpureocillium lilacinum and I. takamizusanensis in a five-gene combined phylogenetic tree (Quandt et al., 2014) . Another phylogenetic study with multi-gene analysis also supports inclusion of the newly combined species in the genus Purpureocillium (Perdomo et al., 2013) . Thus, we chose Purpureocillium and the oldest epithet takamizusanensis for the species name. The present survey was conducted in Japan, the type locality of both the species, suggesting a clear association between C. ryogamimontana and I. takamizusanensis. Although O. cicadicola has a similar morphology, combining the proposed P. takamizusanense with C. cicadicola was not proposed here, owing to lack of holotype observation and molecular analysis in this study. Further study, including a worldwide survey, is needed to confirm the linkage between teleomorph and anamorph states and the presence of cryptic species.
